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[57] ABSTRACT 

The invention concerns a process for data transmission 
between stations in a star-shaped network in which star 
couplers are arranged at the branches of the network. 
The active, asymmetrical star coupler used in the net- 
work transmit flows of signals received at the input of 
any port only to the outputs of all the other ports. The 
receivers of the other ports are blocked against incom- 
ing signals for at Least the duration of the flows of 
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retransferred at the outputs in optical signals and be- 
STAR-SHAPED NETWORK FOR DATA cause electrical energy is required fox these steps. 

COMMUNICATION BETWEEN STATIONS It is essential that the maximum working range f the 

network i.e, the maximum distance between two sta- 

TECHNICAL FIELD 5 tions, Lmax, is independent of the number of ports of 

The present invention relates to a star-shaped net- connector, i.e, the number of stations, if an 

work for data transmission between stations comprising active star coupler is used. 

star couplers arranged at the branchings of the network. Networks may be provided with active and passive 

star couplers. Passive star couplers are safe agamst fail- 
BACKGROUND OF THE INVENTION 10 ure to a high degree. 

Networks for data communication may be equipped However passive star couplers are suitable for net- 
with passive and/or active star couplers between com- works with a limited range and number of stations only, 
munication channels, Active star couplers are suitable for networks of very 

Passive star couplers are used in optical communica- working range and many stations, 

tion networks. A passive star coupler is defined as hav- Active star couplers are equipped with many opto- 
ing no amplifying or regenerating components there- electronic converters and electronic circuits rendering 
fore needing no electrical energy. The power of the ^^^^i more expensive as compared to passive couplers 
optical flow of data is split by optical means. A star ^ general. Moreover there are additional provisions 
coupler is provided with ports, each port is provided necessary to increase safety against failure. On account 
with an input and an output The star coupler is pro- of these disadvantages it is not reasonable for large, 
vided with as many inputs as outputs. extended area networks having many stations and large. 

Each single station of the network is connected by ranges of transmission to use one star coupler exclu- 
two light waveguides labeled LWL in the following, to sively though this might be possible in principle: A 
the star coupler. One LWL is transporting data to be 25 single active star coupler to which all stations of a net- 
received while the other LWL is transporting data to be work are connected will require Large precautionary 
transmitted by the station. A pair of these LWLs is measures to increase safety as well as large expenses for 
associated to a port of the star coupler. The number of cabling: Several stations which are located dose to each 
ports of the star coupler and the number of stations of other e,g. forming dusters, would have to be connected 
the network are the same. The signals having power P to the distantly located active coupler by individual 
and supplied to the input of a port by a LWL are split light waveguides. It is more convenient for large net- 
into nearly equal amounts by the order of magnitude of works to provide several star couplers not only active 
P/n (without considering internal coupling Losses) to but also passive ones to include the advantages of pas- 
the outputs of the star coupler. From the outputs the sive star couplers too: 

optical signals are transmitted on one of the n LWL to 35 Several stations are connected in groups of typically 
a receiver installed in one of the n stations of the net- 8 possibly more, e.g. 16 or 32 stations by a passive star : 
work. coupler. Several of these subnetworks having passive 

The output of that port whose input receives incom- star couplers are connected to each other by an active 
ing signals is provided by the same amount of power as star coupler. 

the outputs of all other ports. Star couplers of this type 4Q Several networks of this type provided with active 
are designated "symmetrical" in the following if star couplers are connected themselves in groups of e.g. 

1. The number of inputs is equal to the number of 8 networks by passive star couplers and so on. In this 
outputs, and way one gets a network of cascaded active and passive 

2. the optical power supplied to the input of any port star couplers. This network may conveniently be ad- 
X is split nearly equally among the outputs of all ports 45 justed to increasing data rates and increasing stations 
i.e. to the output of the port X too. e.g. of an industrial automation system. 

It is essential that the maximum working range of For such networks having cascaded active and pas- 
transmission i.e. the maximum distance between two sive star couplers there must be solved an important 
stations, Lmax, depends on the number of ports of the problem: The message transmitted by a station must be 
star coupler, Le. the number of stations of the network. 50 prevented from arriving at any one of the receivers of 

For optical data networks symmetrical active star the linked stations on several, different channels e.g. 
couplers may be used too, the definition of synunetry several times successively. 

mentioned above is equally valid. Such a star coupler is This will happen inevitably, if both the symmetrical 
provided with n ports, each port being provided by one passive and the symmetrical active star coupler as well 
input (with an optical receiver) and one output (with an 55 are used commonly for setting up networks, 
optical transmitter). Therefore the star coupler is pro- A network provided with symmetrical active and 
vided with as many inputs as outputs. A star coupler as symmetrical passive star couplers used at the same time 
mentioned above is defined in accordance with the is therefore not functional. 

corresponding passive star coupler as a symmetrical This problem may be solved by networks provided 
active star coupler. 60 with asymmetrical active and passive star couplers and 

The star coupler as mentioned above is synmietrical a single symmetrical active or passive star coupler. This 
because it is provided by as many inputs as outputs and is accomplished by splitters and combiners which are 
because each output including the output of that port specially designed types of the general star couplers, 
whose input reodves the optical sigmds is fed by the A splitter is provided with n inputs and n outputs and 
same amount of signal power. The star coupler is active 65 splits the light supplied to its input equally to its n out- 
because all recdved optical signals are converted to puts. A combiner is provided with n inputs and one 
electrical signals, regenerated with respect to Level and output and transmits each light signal supplied to one of 
timing, fed to aU outputs by an dectronic circuit and its inputs to the conunon output 
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Splitters and combiners are asymmetrical star cou- that there exists a single symmetrical star coupler. The 
piers. They may be implemented as passive or active above described topological structure prevents circular 
units. Many vendors are offering passive units. The signal currents because a receiver is supplied by a trans- 
ratio of power PE supplied to an input to the distributed mitted message only once. 

power PA is for splitters and combiners in the order of 5 A message which is to be transmitted to an immedi- 

magnitude as foil ws: PE/PA=n, in which n means the atdy neighbouring station in the same cluster will not 

number of outputs of the splitters or combiners and arrive at this station on the shortest link but has to pass 

internal losses are neglected. From this follows the up-stream alllevels of the hierarchical network and wiU 

dependance bang principally the same for spUtters or be reversed at the uppermost point before passing aU 

oombmers with regard to maximal number of stations 10 levels of the hierarchical network down-stream to ar- 

and range ^a network if symmetrical passive star cou- nve at the neighbouring station of destination finally. 

pleK are used. . . , . * Assuming a small distance between this station and the 

The opeiatmg charactensttc of active sphtters and transmitting station and a distance covered through the 

combmep as weD^of active symmetncalsti^ y^h^ waveguide of approximately 3 kilometeiTand 

consiste m converttng the cytical signal received by an 15 f^her the Message to pass up-stream and 

optical receiver mto an electrical signal which is distrib- down^am must pass Sgh addition^d active split- 

uted electncaUy to an output or to the outputs and ters/combinei. prone to MuS^ or the active st^^n- 

^iSS: '^^^Tf^^'^'T'"''^^ 1"^!°^ ""^"^ ^^<^'0T prone to Mure at the top of the network (Loo^ 

signal m an optical Uan^tter at the output Ma^mum b^ck-point), then there are miiy possibilities for h^ 

range and number of stations of network provided with 20 j j j- r.^. j^/T i*^^",*"":* 

actite splitters or combiners are not conflated. "^^t'"" '^^T^*'^" ^^^^ 

With regard to advantages and disadvantages of ac- ?f an mtolerable situation with re^ 

tive and pSsive splitters a^d combiners the above men- '"^T' ^o <^ch other. Com- 

tioned statements made for symmetrical star couplets between stations comiected together func- 

are valid as weD. In this context the problems concern- 25 f^^V/ interrupted if oiJy one of many supenor 

ing the safety against failure of active splitters and com- ^^^^ of network or one of the components connecting 

biners must be mentioned. A splitter provided with n ^^^^ ^ component located far away at the 

outputs and a combiner provided with n inputs may be wop-back-pomt of the network or in its neighborhood 

combined to a so-called "splitter/combiner". breaks down. 

A splitter/combiner is a specially designed star cou- 30 ^ ^^^^^ disadvantage is economical: Local area 

pier. It is provided with as many inputs as outputs, networks should be flexible e.g. they should be able to 

however it is not a symmetrical star coupler according Srow with increasing number of stations, 

to the above made definition because the hght supplied ^ network is to be equipped with 8 stations e.g. in 

to any one of its inputs is not split equally to all pro- ^® beginning these 8 stations will be connected to a 

vided outputs: The light supphed to input n+ 1 will be 35 symmetrical passive star connector. If the number of 

distributed equally to outputs 1 to n however output stations is to be increased to 16 e.g. all 8 stations may be 

n-h 1 will receive no light. If light is supplied to one of connected to a splitter/combiner providing two subnet- 

the inputs 1 to n, light is transmitted to output n-h 1 only works which may be connected to an active star cou- 

while outputs 1 to n receive no light. SpHtter/combiners P^^r. Therefore the passive symmetrical star coupler 

are used as passive as well as active units. 40 bougjit and used in the previous network is useless. 

Networks splitters/combiners are used to combine It is an object of the present invention to improve a 

groups of stations or sub-networks (Parts of networks). star-shaped network for data transmission between sta- 

Combining stations or sub-networks group by group t^o^s being provided with symmetrical passive star cou- 

according to this principle will result in an uppermost P^^^ asymmetrical active star couplers so that mes- 

point of a hierarchical network generated by this proce- 45 sages transmitted &om any one of the stations are pre- 

dure. At this uppermost point a symmetrical star cou- vented from arriving at the same receiver on several, 

pier either passive or active will be installed depending different channels (ways) successively. 

^tSeSgS^^p.t:"^*^'"*^"^ SUMMARY OF THE INVENTION 

Splitters/combiners are used on all levels of a hierar- 50 The above and other objects are accomplished by a 

chical network to combine or split flow of data. In the network arranged in different levels comprising stations 

respective levels of the hierarchy passive and active ox sub-networks arranged alternately in groups having 

splitters/combiners are used alternatively. All data flow passive symmetrical and active asymmetrical star cou- 

transmitted from bdow e.g. from a lower level is inevi- piers. A lower level of the network is provided with 

tably transmitted to a level above and never to other 55 passive symmetrical star couplers connected to said 

stations or sub-networks at the same level or a lower stations. The active star couplers are provided with 

level directly. Vice versa flow of data received from ports, each port having a receiver and a transmitter, 

above is inevitably transmitted below and never above. The receiver of a port of each active star coupler is 

This is defined as **up-stream" or "down-stream" flow connected to switching means which are rendered non- 

of data. 60 conductive by signals supplied to the transmitter of the 

The real "turn table" for reversing the flow of data said port. Each receiver of a port of each active star 

from up-stream to downstream is the uppermost point coupler is connected to the transmitters only of the 

of the network, where a symmetrical star coupler is other ports of the star coupler. For active star couplers 

functioning as "loop-back-point". there are used only asymmetrical units which have the 

This coupler distributes according to the above men- 65 following properties A and B, 

tioned definition all signals supplied to an input to all Property A: The signals (messages) supplied to the 

outputs equally, to the output of that port too whose input of any port X ^tiall be transmitted directly to 

input received the signals. Foi: the network it is essential the outputs of all other ports except port X. 
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Property B: The signals (messages) transmitted to the 
outputs of the various ports shall interrupt each 
possible flow of data to the receiver E of the port 
for the duration T of the signal and a predeter- 
mined duration in excess of that duration by pro* 5 
viding a barrier for return signals. 
The invention has the following advantages: A mes- 
sage sent from a station to an immediately adjacent 
station arrives at this station on the shortest channel via 
the conmion star coupler, which is installed m the low- 10 
est level of the topology of the network. 

The potential impairments caused by the flow of 
signals passing all levels of the hierarchy and the com- 
ponents connecting the leveb are therefore omitted. 
The whole network above the passive star coupler may 15 
collapse: Nevertheless the single stations within their 
**isles" e.g. sub-networks will Tnaintain their communi- 
cation. The passive star couplers are not provided with 
electronic circuits or intelligence. They distribute mes- 
sages to the outputs only. 20 

Therefore they are safe in operation and not expen- 
sive. The active star coupler is simple and unsophisti- 
cated. Netwoiics provided with active and passive star 
couplers operate more reliably. 

One more advantage is economically for local area 25 
networks (LANs). The property of flexibility required 
often, e.g. the possibility of LANs to grow with increas- 
ing number of stations, will be accomplished inexpen- 
sively: If there is a network with e.g. 8 stations only, 
these 8 stations will be connected by a passive, symmet- 30 
rical star coupler according to the rule mentioned 
above. 

If the number of stations is increasing, e.g. to 16 sta- 
tions, the second cluster of the 8 stations added will be 
also connected to a passive, symmetrical star coupler 35 
according to the rule. 

Now there are sub-networks which will be connected 
to an asymmetrical actiye star coupler. Therefore it is 
not necessary to remove and make obsolete an expen- 
sive star coupler (splitter/combiner) bought previously. 40 

BRIEF DESCRIPTION OF THE DRAWINGS 

The mvention will now be described in greater detail 
with reference to an embodiment thereof that is illus- 
trated in a drawing and will reveal further details, fea- 45 
tures and advantages. 

It is shown in 

FIG. 1 an active asymmetrical star couple^ 

FIG. 2 a circuit diagram of a network provided with 

stations and p>assive symmetrical star couplers as well as 50 

active, asymmetrical star couplers. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

In FIG. 1 an active, asymmetrical star coupler 1 is 55 
provided with ports 2, 3, 4, and 5. There may be more 
ports. Each port 2 to S is provided with a transmitter 
connected to a light waveguide 6 and a receiver 9 con- 
nected to a light waveguide 8, In front of the transmitter 
7 there is a regenerator, labelled R, which is connected 60 
to an OR-gate. According to the number of ports there 
are four OR-gates 10, 11, 12, 13. The inputs of the OR- 
gates 10 to 13 are connected to regenerators R such that 
there is no connection from the transmitter to the re- 
ceiver of the same port. 65 

The device shown in FIG. 1 functions as follows. 
Assume a signal containing data and arrives after a 
transmitting interval! at the receiver 9 of port 2. 
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The star coupler 1 is designed not to couple data 
directly to the transmitter of port 2. One more feature of 
the star coupler 1 is the following: The flow of signals 
distributed to the transmitters 7 of all other ports 3, 4> 5 
activates blocking devices for preventing return flow 
which are switching means 14 connected to the receiv- 
ers 9. The switching means are rendered nonconductive 
by the signal suppHed to the transmitter 7 respectively 
or by a control signal generated for at least the duration 
of the flow of data. 

The regenerator (repeater R) shown in in FIG. 1 is 
optional on the one hand and on the other hand it will 
not be implemented individually for each port if in- 
stalled; rather the regeneration will be generated in a 
central unit common to all ports. The Label R in the 
figure is to indicate that there are output signals which 
are possibly regenerated. 

In FIG. 2 there is shown a principal structure of a 
network. The network shown m FIG. 2 is provided 
with stations some of them are labeled 15, 16, 17, 18, 19, 
20 and 21, 22, 23. Each station, e.g. 15 to 23 is provided 
with a transmitter labeled S and a receiver labeled E 
both of which are connected to Light waveguides 
which are labeled 24, 25 at all stations. 

In a first Level of the network symmetrical, passive 
star couplers 26, 27, 28 are connected to three stations 
15, 16, 17 or 18, 19, 20 or 21, 22, 23 respectively. Groups 
of stations 15, 16, 17 or 18, 19, 20 or 21, 22, 23 form a 
cluster respectively. 

Light waveguides 29, 30 one for the direction of 
transmitting and one for the direction of receiving and 
provided with the same labels for star couplers extend 
from star couplers 26, 27, 28 to an active, asymmetrical 
star coupler 31 which is designed as shown in FIG. 1. A 
second active star coupler 32 is designed as shown in in 
FIG. 1. To the asynmietrical star coupler 32 there are 
associated passive, symmetrical star couplers similar to 
the star coniplex 26, 27, and 28 associated to star cou- 
pler 31 and not labeled in the drawings. These passive 
symmetrical star couplers are again comiected to sta- 
tions not labeled in the drawing. 

There are shown 3 stations for each passive star cou- 
pler, however there may be more or less stations pro- 
vided. The passive star couplers 26 to 28 are commer- 
cially available optical units. 

The star couplers 31, 32 are connected via two light 
waveguides 33, 34 each to another passive, symmetrical 
star coupler 35 which is installed in the third level of the 
network. The star couplers 31, 32 are installed in the 
second level of the network. 

If e.g. the station 15 transmits a flow of data this flow 
reaches the stations 16, 17 via the star coupler 26. The 
flow of data reaches the stations 18 to 22 via the star 
coupler 31. The stations connected to the star coupler 
32 receive the flow of data via the star coupler 35. 

It is essential that the stations are grouped either by 
passive symmetrical star couplers or by active asym- 
metrical star couplers provided with blocking means for 
return flow such that a signal arriving from a lower 
level of the hierarchical network to the next higher star 
coupler is reversed by this very star coupler to the 
stations or subnetworks of this mentioned lower level 
too, i.e. is not transmitted to the higher level of the 
hierarchy only. 

The hazard of a return flow of the signal currents is 
prevented by the blocking devices for return flow. The 
blocking device may be activated by a mon stable mul- 
tivibrator triggered at the beginning of a flow of data 
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and providing an output signal at least for the duration pier being connected to said transmitters of only the 

of the flow of data. This kind of device is suitable for other ports of the same active star coupler, 

networks e.g. designed to transmit flow of signals e,g. 2. A network according to claim 1, wherein light 

messages of equal duration. If messages of different waveguides are connected to said transmitters and said 

duration are transmitted retriggerable monostable mul- 5 receivers. 

tivibrators may be used. 3. A network according to claim 1, wherein regenera- 

The problem of preventing circulatmg signal currents tors are connected in scries to said transmitters, 
is therefore solved by the structure and the design of the 4. A network according to claim 1, wherein one of 
network, i.e. each receiver is suppUed by a message said regenerators of each active star couplers is corn- 
transmitted only once. The network shown in FIG. 2 is 10 mon to all ports of said star coupler, said regenerator 
specially suitable for a network operating according to being supplied with all signals to be transmitted by said 
the token-bus-principle. star coupler. 
I claim: 5. A network according to claim 1, wherein messages 
1. A star-shaped network for data communication of certain duration are transmitted in said network, said 
between stations comprising star couplers at branch- 15 switching means connected in said active, asymmetrical 
ings, said network bdng arranged in different levels, star couplers, and said switching means including a 
said levels comprising stations or sub-networks ar- monostable multivibrator having an input intercon- 
ranged alternatively in groups having passive symmetri- nected with the transmitter of the same port to which 
cal and active asymmetrical star couplers, said network the switching means is connected, the monostable mul- 
having a lower level provided with passive symmetrical 20 tivibrator upon sensing a message, generates a pulse 
star couplers connected to said stations; said active star having a pulse-width for causing the switching means to 
couplers being provided with ports, each port having a render the receiver nonconductive, said pulse-width at 
receiver and a transmitter, said receiver of said port of least longer than the duration of the message, 
each active star coupler being connected to switchmg 6. A network according to claim 1, wherein commu- 
means which are rendered nonconductive by signals 25 nication is provided in said network by a token-passing 
supplied to the corresponding transmitter of said port, bus procedure, 
and said receiver of each port of each active star cou- * • * » « 
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